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Xiao Chen*, and Jiabin Wang 
'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI6KHIILHOG6KHIILHOG6+48.
$EVWUDFW &RPSDUHG WR FRQYHQWLRQDO GLVWULEXWHG ZLQGLQJ FRQILJXUDWLRQV WKH IUDFWLRQDOVORW
QRQRYHUODSSLQJFRQFHQWUDWHG ZLQGLQJV H[KLELW DGYDQWDJHV VXFK DV VKRUW HQGZLQGLQJ OHQJWK KLJK
FRSSHU SDFNLQJ IDFWRU SDUWLFXODUO\ ZLWK VHJPHQWHG VWDWRU VWUXFWXUH ORZ FRJJLQJ WRUTXH JRRG ILHOG
ZHDNHQLQJFDSDELOLW\RZLQJWRUHODWLYHO\ODUJHGD[LVLQGXFWDQFHDQGEHWWHUIDXOW WROHUDQWFDSDELOLW\GXH
WR ORZ PXWXDO LQGXFWDQFH +RZHYHU RQH RI WKH NH\ SUREOHPV RI HPSOR\LQJ FRQFHQWUDWHG ZLQGLQJV LQ
3HUPDQHQWPDJQHW 6\QFKURQRXV 0DFKLQHV3060V LV WKH KLJK HGG\FXUUHQW ORVVHV LQ URWRU PDJQHWV
DQGRUURWRULURQGXHWRWKHSUHVHQFHRIDODUJHQXPEHURIORZHUDQGKLJKHURUGHUVSDFHKDUPRQLFVLQWKH
VWDWRU0DJQHWR0RWLYH)RUFH00)7KHVH00)KDUPRQLFVDOVRUHVXOWLQRWKHUXQGHVLUDEOHHIIHFWVVXFK
DV DFRXVWLF QRLVH DQG YLEUDWLRQV DQG ORFDOL]HG FRUH VDWXUDWLRQ ZKLFK WHQG WR UHGXFH UHOXFWDQFH WRUTXH
7KLV SDSHU UHYLHZV WKH FXUUHQW VWDWHRIWKHDUW RI WKH 00) KDUPRQLF UHGXFWLRQ WHFKQLTXHV IRU
FRQFHQWUDWHG ZLQGLQJ FRQILJXUDWLRQV LQ 3060V LQFOXGLQJ ZLQGLQJ VSOLW DQG VKLIW GHOWDVWDU FRQQHFWHG
ZLQGLQJVPXOWLSOHSKDVHZLQGLQJVPXOWLOD\HUZLQGLQJVXQHYHQWXUQQXPEHUVDQGVWDWRUIOX[EDUULHUV
7KHLUFRQFHSWVDGYDQWDJHVDQGGLVDGYDQWDJHVDUHSUHVHQWHGDQGDVVHVVHG





RYHUDZLGHRSHUDWLRQUDQJHGXH WR WKHSUHVHQFHRI WKH
SHUPDQHQWPDJQHWV>@7KHUHIRUHWKH\KDYHLQFUHDVLQJO\
EHHQ HPSOR\HG LQ D YDULHW\ RI DSSOLFDWLRQV VXFK DV
LQGXVWULDO GULYHV>@ K\EULG DQG HOHFWULF YHKLFOHV>@
ZLQG WXUELQH>@ DHURVSDFH>@ PDULQH>@ DQG
GRPHVWLFDSSOLDQFHV>@HWF    
6XEMHFWWRWKHORFDWLRQVRIWKHSHUPDQHQWPDJQHWV
3060V FDQ EH FODVVLILHG LQWR 6XUIDFHPRXQWHG
3HUPDQHQWPDJQHW 0DFKLQHV 630V DQG ,QWHULRU
3HUPDQHQWPDJQHW 0DFKLQHV ,30V>@ :LWK PDJQHWV
PRXQWHGRQWKHURWRUVXUIDFH630VSURGXFHWRUTXHE\
WKH LQWHUDFWLRQ RI WKH PDJQHWLF ILHOG FRQWULEXWHG E\
SHUPDQHQWPDJQHWV ZLWK WKH DUPDWXUH UHDFWLRQ ILHOG
SURGXFHGE\ WKH VWDWRU PDJQHWLFPRWLYH IRUFH 00)
7KLVWRUTXHFRPSRQHQWRQO\GHSHQGVRQWKHSHUPDQHQW
PDJQHWIOX[OLQNDJHDQGqD[LVFXUUHQW7KHUHIRUH630V
H[KLELWD UHODWLYHO\ OLQHDU WRUTXHFXUUHQWFKDUDFWHULVWLF
JRRGFRQWUROODELOLW\DQGORZWRUTXHULSSOH1HYHUWKHOHVV
WKHVXUIDFHPRXQWHGPDJQHWV UHVXOW LQD ODUJHHTXLYDOHQW
DLUJDSEHFDXVHWKHUHODWLYHSHUPHDELOLW\RIPDJQHWVLV
FORVH WR  +HQFH WKH V\QFKURQRXV LQGXFWDQFH RI   
WKH PDFKLQH LV UHODWLYHO\ ORZ OHDGLQJ WR D KLJK
FKDUDFWHULVWLF FXUUHQW GHILQHG DV WKH UDWLR RI WKH 30
IOX[ WR WKH V\QFKURQRXV LQGXFWDQFH DQG WKHUHE\ ORZ
ILHOGZHDNHQLQJFDSDELOLW\>@
+RZHYHU WKH IUDFWLRQDOVORW QRQRYHUODSSLQJ
FRQFHQWUDWHG ZLQGLQJ FRQILJXUDWLRQV FDQ EH XWLOL]HG
WR LQFUHDVHWKHdD[LV LQGXFWDQFHDQGWKXVLPSURYHWKH
ILHOG ZHDNHQLQJ FDSDELOLW\ RI 630V>@ $ 0 (/
5HIDLH HW DO>@ HPSOR\HG FRQFHQWUDWHG ZLQGLQJV RQ
630V DQG KHQFH GHYHORSHG D N: 630 ZKLFK FDQ
GHOLYHU FRQVWDQWSRZHU RYHU D  VSHHG UDQJH E\




630V LQ >@ DQG VKRZHG WKDW WKH RSWLPDO ILHOG
ZHDNHQLQJ FDQ EH UHDFKHG RYHU D ZLGH UDQJH RI
PDFKLQHSRZHU UDWLQJV IURPN: WRN: -&URV HW
DO>@SHUIRUPHGDV\QWKHVLVRI630VZLWKFRQFHQWUDWHG
ZLQGLQJVDQGVXEVHTXHQWO\FRPSDUHGWKHLUSHUIRUPDQFHV
ZLWK WKRVH RI 630V XVLQJ FRQYHQWLRQDO GLVWULEXWHG
ZLQGLQJV ,W LV VKRZQ WKDW E\ XVLQJ WKH FRQFHQWUDWHG
ZLQGLQJFRQILJXUDWLRQ WKHFRSSHU ORVVFDQEH UHGXFHG
GUDPDWLFDOO\ RZLQJ WR ERWK WKH VKRUW HQGZLQGLQJ
OHQJWK DQG WKH KLJK FRSSHU SDFNLQJ IDFWRU LI WKH
VHJPHQWHGVWDWRUVWUXFWXUHLVHPSOR\HG0RUHRYHUWKH
FRJJLQJWRUTXHFDQDOVREHVLJQLILFDQWO\UHGXFHGZKHQ
WKH OHDVW FRPPRQ PXOWLSOH RI WKH VORW QXPEHU DQG  
WKH SROH QXPEHU LQFUHDVHV 7KHUHIRUH 630V ZLWK
FRQFHQWUDWHGZLQGLQJVH[KLELWDGYDQWDJHVVXFKDVKLJK
WRUTXHGHQVLW\ ORZFRSSHU ORVVJRRG ILHOGZHDNHQLQJ
FDSDELOLW\DQGORZFRJJLQJWRUTXH
+RZHYHU E\ HPSOR\LQJ FRQFHQWUDWHG ZLQGLQJ
FRQILJXUDWLRQV LQ 630V WKH URWRU PDJQHWV DUH
VXEMHFWHG WRD ODUJHDPRXQWRI VWDWRU00)KDUPRQLFV
ZKLFK DUH DV\QFKURQRXV ZLWK WKH URWRU VSHHG DQG












qD[LV UHOXFWDQFHV FRQWULEXWHV WR UHOXFWDQFH WRUTXH
ZKLFK LV FRQGXFLYH WR UHGXFWLRQ RI 30 YROXPH LQ WKH
,30>@ 7R PD[LPL]H WKH UHOXFWDQFH WRUTXH WKH
GLVWULEXWHGZLQGLQJFRQILJXUDWLRQVDUHXVXDOO\HPSOR\HG
LQ ,30V>@ +RZHYHU FRPSDUHG WR WKH FRQFHQWUDWHG
ZLQGLQJV WKH FRQYHQWLRQDO GLVWULEXWHG ZLQGLQJV KDYH
ORZHU FRSSHU SDFNLQJ IDFWRU VORW ILOO IDFWRU ORQJHU
HQGZLQGLQJ OHQJWK KLJKHU FRJJLQJ WRUTXH DQG OHVV




LQ WKH VWDWRU 00) FDQ EH VXSSUHVVHG WR D GHVLUDEOH






FRQFHQWUDWHGZLQGLQJV7KLVSDSHU UHYLHZV WKH FXUUHQW
VWDWHRIWKHDUWRI00)KDUPRQLFUHGXFWLRQWHFKQLTXHV
7KH PHWKRG IRU DQDO\VLV RI WKH 00) KDUPRQLFV LQ
SKDVH PDFKLQHV ZLOO EH LQWURGXFHG EHIRUH YDULRXV
00) KDUPRQLF UHGXFWLRQ WHFKQLTXHV DUH LQWURGXFHG
DQGGLVFXVVHG
  00)KDUPRQLFV
7KLV VHFWLRQ GHVFULEHV WKH PHWKRG IRU DQDO\]LQJ
WKH 00) KDUPRQLFV LQ DQ\ SKDVH FRQFHQWUDWHG
ZLQGLQJZLWKDQ\IHDVLEOHVORWSROHFRPELQDWLRQ
$VVXPLQJABCZLQGLQJVDUHV\PPHWULFDQGKDYH
WKH VDPH QXPEHU RI WXUQV WKH 00) GLVWULEXWLRQ RI
HDFK SKDVH GXH WR XQLW FXUUHQW NQRZQ DV WKH ZLQGLQJ
IXQFWLRQ FDQ EH H[SUHVVHG DV )RXULHU VHULHV JLYHQ LQ

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    
ZKHUH h GHQRWHV WKH KDUPRQLF RUGHU Nh LV WKHPDJQLWXGH RI WKH hWK RUGHU KDUPRQLF ȕh LV WKH SKDVHDQJOHRIWKHhWKRUGHUKDUPRQLFRISKDVHA șSKm LVWKHPHFKDQLFDODQJXODUGLVSODFHPHQWEHWZHHQWZRDGMDFHQW
SKDVHVRIDSKDVHZLQGLQJDQGșmGHQRWHVWKHVSDFHDQJOHDWDSRLQWRILQWHUHVWLQWKHDLUJDSZLWKUHVSHFWWR
SKDVHAD[LVDVVKRZQLQ)LJ
'XH WR WKH V\PPHWULFDO GLVWULEXWLRQ RI D SKDVH
ZLQGLQJ șSKm  RU  GHSHQGLQJ RQ WKH
GLUHFWLRQRIURWDWLRQRIWKH00)ZRUNLQJKDUPRQLF
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h
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FRV>   @`m r d hh h p tD Z J E          
ZKHUHĮm șmȦrt)RU D PDFKLQH ZLWK Q VORWV DQG p SROH SDLUV LWV
SHULRGLFLW\r LVVXEMHFW WR WKHJUHDWHVWFRPPRQGLYLGHU
EHWZHHQQDQGpDVGHVFULEHGLQ
*&'^  `r Q p               
7KHRUGHUVRIKDUPRQLFVZLWKQRQ]HURPDJQLWXGHV
IRU WKH VLQJOH SKDVH ZLQGLQJ IXQFWLRQ LQ  DUH
VXPPDUL]HG LQ 7DEOH  ZKHUH = GHQRWHV WKH SRVLWLYH
LQWHJHU VHW %\ ZD\ RI H[DPSOH LQ D GRXEOH OD\HU
ZLQGLQJ ZLWK HYHQ Qr WKH RUGHUV RI KDUPRQLFV ZLWK
QRQ]HUR PDJQLWXGHV IRU WKH VLQJOH SKDVH ZLQGLQJ
IXQFWLRQDUHRGGQXPEHUVhrH[FHSWIRU jQję=
7KLV LV EHFDXVH WKH HYHQ Qr FDQ IRUP D V\PPHWULF
SDWWHUQZLWKRSSRVLWHSKDVRUV WKDWDUHʌ UDGLDQVRXWRI
SKDVH 7KH KDUPRQLFV DVVRFLDWHG ZLWK WKH LQWHJHU
PXOWLSOHV RI WKH VORW QXPEHU jQ DUH FDQFHOOHG RXW E\
WKHPHFKDQLFDOSHULRGLFLW\6LQFHSKDVHZLQGLQJVDUH
XQLIRUPO\GLVSODFHGLQVSDFHZLWKUHVSHFWWRHDFKRWKHU






>FRVhșSKm@ DUH GHULYHG IURP WKH SKDVHFRQILJXUDWLRQ *LYHQ WKDW jQ LV D VXEVHW RI jr WKH
RUGHUV RI 00) KDUPRQLFV ZLWK QRQ]HUR PDJQLWXGHV
IRU D GRXEOH OD\HU SKDVH ZLQGLQJ ZLWK DQ HYHQ Qr
DUHRGGQXPEHUVhrH[FHSWIRUjr7KHKDUPRQLF
RUGHUV LQ WKH RWKHU VFHQDULRV LQ 7DEOH  FDQ DOVR EH
GHULYHGLQWKHVDPHZD\
7KH IRUZDUG DQG EDFNZDUG 00) KDUPRQLF
H[SUHVVLRQVVKRZQLQDQGFDQEHXVHGWRSUHGLFW
DQ\ VWDWRU 00) KDUPRQLF RI D FRQYHQWLRQDO SKDVH
ZLQGLQJFRQILJXUDWLRQ7KHPDJQLWXGHRIWKHhWKRUGHU
ZLQGLQJIXQFWLRQKDUPRQLFNhFDQEHREWDLQHGE\)DVW)RXULHU 7UDQVIRUP ))7 RI WKH ZLQGLQJ IXQFWLRQ
ZDYHIRUPRIDJLYHQZLQGLQJFRQILJXUDWLRQ
%\ ZD\ RI H[DPSOH IRU D FRQYHQWLRQDO SKDVH
VORW SROH ZLQGLQJ FRQILJXUDWLRQ SKDVH B ODJV
SKDVHAE\VORWVZLWKUHVSHFWWRWKHURWDWLQJGLUHFWLRQ
7KXV șSKm  7DEOH  OLVWV WKH YDOXHV IRU Nh
FRVhșSKmDQGFRVhșSKmVKRZQLQ
 DQG  WR GHWHUPLQH WKH IRUZDUG DQG EDFNZDUG
00) KDUPRQLFV RI WKH VORW SROH ZLQGLQJ
FRQILJXUDWLRQ XS WR WKH WK RUGHU Nh LV QRUPDOL]HGDJDLQVW LWV WK RUGHU ZRUNLQJ KDUPRQLF 7KH UHVXOWDQW
00) KDUPRQLFV DUH FDOFXODWHG XVLQJ  DQG  DQG
SORWWHG LQ )LJ LQ ZKLFK µ)¶ DQG µ%¶ GHQRWH IRUZDUG
DQGEDFNZDUGKDUPRQLFVUHVSHFWLYHO\7KHLUPDJQLWXGHV
DUH QRUPDOL]HG DJDLQVW WKDW RI WKH WK RUGHU ZRUNLQJ
KDUPRQLF,WFDQEHREVHUYHGWKDWWKHPRVWGHWULPHQWDO
KDUPRQLFLVWKHWKRUGHUKDUPRQLFEHFDXVHLWQRWRQO\
KDV D KLJK DPSOLWXGH EXW DOVR H[KLELW D YHU\ KLJK
IUHTXHQF\ VHHQ IURP WKH URWRU LH  WLPHV WKH
PHFKDQLFDOIUHTXHQF\
































7DEOH   00)KDUPRQLFH[SUHVVLRQEUHDNGRZQRID
FRQYHQWLRQDOSKDVHVORWSROHZLQGLQJFRQILJXUDWLRQ
+DUPRQLFRUGHU Nh FRVhșSKm FRVhșSKm
   
   
   
   
   
   
   
   
   




7KH IRUHJRLQJ WHFKQLTXH FDQ EH XVHG WR DQDO\]H
00) KDUPRQLF GLVWULEXWLRQV RI DOO SKDVH DQG
PXOWLSOH SKDVH ZLQGLQJV LQFOXGLQJ PRVW RI WKH
ZLQGLQJ FRQILJXUDWLRQV GHVLJQHG WR UHGXFH 00)
KDUPRQLFV WKDW ZLOO EH GHVFULEHG DQG GLVFXVVHG LQ WKH
VXEVHTXHQWVHFWLRQV
  00)KDUPRQLFUHGXFWLRQWHFKQLTXHV
,Q DQ LGHDO SKDVH PDFKLQH RQO\ 00) ZRUNLQJ
KDUPRQLF VKRXOG EH SUHVHQW DQG DOO RWKHU KDUPRQLFV
HOLPLQDWHG ,Q WKLV VHFWLRQ WKH WHFKQLTXHV WR UHGXFH
XQGHVLUDEOH 00) KDUPRQLFV UHSRUWHG LQ OLWHUDWXUH DUH
RXWOLQHG LQFOXGLQJ ZLQGLQJ VSOLW DQG VKLIW GHOWDVWDU
FRQQHFWHG ZLQGLQJV PXOWLSOH SKDVH ZLQGLQJV
PXOWLOD\HU ZLQGLQJV XQHYHQ WXUQ QXPEHUV DQG VWDWRU
IOX[ EDUULHUV 7KH RWKHU WHFKQLTXHV ZKLFK DUH RI
REYLRXV GLVDGYDQWDJH KDYH QRW EHHQ GLVFXVVHG LQ WKLV




SROH ZLQGLQJ FRQILJXUDWLRQ DV VKRZQ LQ )LJ WR
PLQLPL]HWKHVWDQGWKRUGHU00)KDUPRQLFVRIWKH
FRQYHQWLRQDO VORW SROH ZLQGLQJ FRQILJXUDWLRQ
7KH00)VSHFWUXPRIWKHFRQYHQWLRQDOVORWSROH
ZLQGLQJ FRQILJXUDWLRQ LV VKRZQ LQ )LJ 7KH FRQFHSW
LVWRGLYLGHWKHRULJLQDOVORWSROHZLQGLQJVLQWR
VHWV DUUDQJH WKHP ZLWK D VSHFLILF PHFKDQLFDO SKDVH
VKLIWDQGFRQQHFWWKHPLQVHULHVDVLOOXVWUDWHGLQ)LJ
7KHPHFKDQLFDOSKDVHVKLIWDwEHWZHHQWKHVHVHWVRIZLQGLQJVLVGHWHUPLQHGE\WKHRUGHURI00)KDUPRQLF
WR EH HOLPLQDWHG 0DWKHPDWLFDOO\ WKLV FRQFHSW LV WR
UHVKDSHWKHVLQJOHSKDVHZLQGLQJIXQFWLRQWRPDNHWKH









LQ )LJ WKH RSWLPDO PHFKDQLFDO SKDVH VKLIW Dw LVVHOHFWHG WR EH VOLJKWO\ KLJKHU WKDQ  WLPHV WKH WRRWK
SLWFKDQJOH7KXVXQHYHQWRRWKZLGWKWHFKQLTXHKDVWR
EHXWLOL]HG$OWKRXJKZLWKWKLV WHFKQLTXHWKHWKRUGHU
00) KDUPRQLF KDV EHHQ VLJQLILFDQWO\ UHGXFHG WKH
UHGXFWLRQLQ WKHVWRUGHU00)KDUPRQLF LVRQO\
DSSUR[LPDWHO\ 7KHUHIRUH WR DWWHQXDWH WKH VW RUGHU
00) KDUPRQLF XQHYHQ WXUQ QXPEHUV IRU WKH
QHLJKERULQJ SKDVH FRLOV DUH DOVR HPSOR\HG )LJ
LOOXVWUDWHV WKH 00) VSHFWUXP RI WKH SURSRVHG VORW
SROH ZLQGLQJ FRQILJXUDWLRQ ZLWK ZLQGLQJ VSOLW DQG
VKLIW XQHYHQ WRRWK ZLGWKV DQG DOVR XQHYHQ WXUQ
QXPEHUV WHFKQLTXHV$ VLJQLILFDQW UHGXFWLRQ LQ WKHVW
DQG WK RUGHU 00) KDUPRQLFV FDQ EH REVHUYHG    
,Q GRLQJ VR KRZHYHU WKH ZLQGLQJ IDFWRU RI WKH
IXQGDPHQWDO LV VOLJKWO\ UHGXFHG FRPSDUHG ZLWK WKH
FRQYHQWLRQDOVORWSROHZLQGLQJFRQILJXUDWLRQ
9 , 3DWHO DQG - :DQJ HW DO>@ SURSRVHG D
SKDVH VORW SROH ZLQGLQJ FRQILJXUDWLRQ ZKRVH
VFKHPDWLFFDQEHIRXQGLQ)LJ7KHFRQFHSWLVWRVSOLW
WKH SKDVH VORW SROH ZLQGLQJV LQWR WZR VHWV DQG
DSSO\DSSURSULDWHSKDVHVKLIWIRUWKHVSHFLILFKDUPRQLF
FDQFHOODWLRQ 7R HQKDQFH WKH PDFKLQH IDXOWWROHUDQW
FDSDELOLW\SKDVHWZRSKDVHWHFKQLTXHLVHPSOR\HG
DQG WKHVH WZR SKDVH ZLQGLQJV DUH IHG E\ WZR
VHSDUDWHGLQYHUWHUV7KHPHFKDQLFDOSKDVHVKLIWEHWZHHQ
WKHVH WZR VHWV RI SKDVH ZLQGLQJV LV VHOHFWHG WR









)LJ FRPSDUHV WKH 00) VSHFWUD RI WKH SKDVH
VORWSROHZLQGLQJFRQILJXUDWLRQZLWK WKRVHRI WKH
FRQYHQWLRQDO VORW SROH ZLQGLQJV ZKRVH 00)
VSHFWUXPFDQEHFDOFXODWHGXVLQJDQG,WFDQEH
VHHQ WKDW VW WK WK WK WK WK WK
UG ͼͼͼ RUGHUV RI 00) KDUPRQLFV DUH FRPSOHWHG
HOLPLQDWHG
- :DQJ HW DO >@ DOVR GHYLVHG DOO WKH IHDVLEOH
VORWSROH FRPELQDWLRQV ZLWK WKH IRUHJRLQJ WHFKQLTXH
7KH RSWLPDO SKDVH VKLIW EHWZHHQ WKHVH WZR SKDVH
ZLQGLQJVIRUYDULRXVVORWSROHFRPELQDWLRQVDUHJLYHQ
3%5HGG\HWDO>@GHULYHGDJHQHULFDSSURDFKWR
WKH VHOHFWLRQ RI WKH RSWLPDO PHFKDQLFDO SKDVH VKLIW RI
WKH WZR VHWV RI ZLQGLQJV DIWHU VSOLWWLQJ WKH SKDVH
ZLQGLQJV 8QHYHQ WRRWK ZLGWK GHVLJQ LV FRQVLGHUHG WR
UHDFKWKHEHVWKDUPRQLFFDQFHOODWLRQHIIHFWV
$ 6 $EGHO.KDOLN HW DO>@ GHYHORSHG D SKDVH
VORWSROHZLQGLQJFRQILJXUDWLRQZKRVHVFKHPDWLF
LV VKRZQ LQ )LJ 7KH FRQFHSW LV DOVR WR VSOLW SKDVH
ZLQGLQJV LQWR WZR SKDVH VHWV 7KH SKDVH VKLIWV LQ
ERWK VSDFH DQG WLPH EHWZHHQ WKH WZR SKDVH SKDVH
VHWV DUH VHOHFWHG WR HOLPLQDWH WKH PRVW XQGHVLUDEOH
00) KDUPRQLFV )LJ FRPSDUHV WKH 00) VSHFWUD RI
WKHSKDVHVORWSROHZLQGLQJFRQILJXUDWLRQZLWK
WKRVHRIWKHSKDVHVORWSROHZLQGLQJV,WFDQEH
VHHQ WKDW ZLWK WKH LQWURGXFHG SKDVH VKLIW EHWZHHQ WKH
















$OO RI WKH IRUHJRLQJ WHFKQLTXHV FDQ UHGXFH RU
HOLPLQDWH FHUWDLQ 00) KDUPRQLFV SDUWLFXODUO\ WKH
PRVWGHWULPHQWDOKDUPRQLFZKRVHRUGHU LVFORVH WR WKH
ZRUNLQJ KDUPRQLF +RZHYHU E\ VSOLWWLQJ WKH SKDVH




WRRWKZRXQG ZLQGLQJV LQ FRQYHQWLRQDO VHQVH WKHUHE\
FRPSURPLVLQJ WKH DGYDQWDJHV RI WKH FRQFHQWUDWHG
ZLQGLQJV
  'HOWDVWDUZLQGLQJV
* 'DMDNX DQG ' *HUOLQJ HW DO>@ SURSRVHG DQ
VORW SROH FRQFHQWUDWHG ZLQGLQJ FRQILJXUDWLRQ
ZLWKDGHOWDVWDU FRQQHFWLRQ7KH LGHD LV WR FUHDWH WZR
VHWV RI ZLQGLQJV RQH LQ VWDU FRQQHFWLRQ DQG RWKHU LQ
GHOWDFRQQHFWLRQ%\H[SORLWLQJWKHSKDVHVKLIWEHWZHHQ
WKH00)VSURGXFHGE\WKHWZRVHWVRIZLQGLQJVVRPH
XQGHVLUDEOH KDUPRQLFV FDQ EH HOLPLQDWHG ZLWK
DSSURSULDWH VHOHFWLRQ RI WKH QXPEHU RI FRLOV LQ HDFK
ZLQGLQJ VHW 0HDQZKLOH WKH QXPEHU RI VORWV LV
LQFUHDVHG E\ knͼm ZKHUH kn LV WKH QXPEHU RI ZLQGLQJVHWVDQGmLVWKHQXPEHURISKDVHV%\ZD\RIH[DPSOH
)LJDVKRZVWKHFRLOGLVWULEXWLRQDQGFRQQHFWLRQRI
SKDVH A ZLQGLQJ LQ WKH FRQYHQWLRQDO VORW SROH
PDFKLQH %\ H[SDQGLQJ  VORWV WR  VORWV SKDVH A
QRZKDV FRLOVZKLFK DUH JURXSHG LQWRADQGADV
VKRZQ LQ )LJE 7KXV WKLV ZLQGLQJ DUUDQJHPHQW
PDLQWDLQV WKH FRQFHQWUDWHG ZLQGLQJ FRQILJXUDWLRQ LQ
ZKLFK WKH FRLO VSDQ HTXDOV  VORW SLWFK +RZHYHU IRU
WKHVDPHSROHSDLUVWKHFRLOVSDQLQHOHFWULFDOGHJUHHLV











SKDVH VKLIW LQ WKH FXUUHQWV IORZLQJ LQ WKHP )LJ
LOOXVWUDWHV WKH VFKHPDWLFV RI WKH GHYHORSHG VORW
SROHZLQGLQJDQGLWVGHOWDVWDUFRQQHFWLRQGLDJUDP
7KHGHOWDDQGVWDUZLQGLQJVLQHDFKSKDVHKDYHDQG
FRLOV UHVSHFWLYHO\ 7KH HOHFWULFDO SKDVH VKLIW EHWZHHQ
WKHGHOWDDQGVWDUFRQQHFWHGZLQGLQJVLVZKLOHWKH
FXUUHQW PDJQLWXGH LQ WKH VWDU FRQQHFWHG ZLQGLQJV DUH 
  WLPHVWKRVHLQWKHGHOWDFRQQHFWHGZLQGLQJV7KXV 
WKH QXPEHU RI WXUQV SHU SKDVH RI WKH GHOWD ZLQGLQJV
QHHGV  WLPHVJUHDWHUWKDQWKRVHLQWKHVWDUZLQGLQJV
WR EDODQFH WKH 00) PDJQLWXGHV RI WKH WZR VHWV RI
ZLQGLQJVDQGFDQFHORXWWKHXQZDQWHG00)KDUPRQLFV
)LJ FRPSDUHV WKH 00) VSHFWUD RI WKH VORW
SROH ZLQGLQJ FRQILJXUDWLRQ ZLWK WKRVH RI WKH
FRQYHQWLRQDO VORW SROH ZLQGLQJV ,W FDQ EH VHHQ
WKDW WKH VW WK WK WK WK WK ͼͼͼ RUGHUV RI














$ 6 $EGHO.KDOLN HW DO>@ SURSRVHG D JHQHULF
GXDO nSKDVH ZLQGLQJ FRQILJXUDWLRQ ZLWK GHOWDVWDU
FRQQHFWLRQV IRU nSKDVH 30 PDFKLQH RFFXS\LQJ n
VORWV WR FDQFHO RXW DOO WKH VXEKDUPRQLFV RI WKH
ZLQGLQJ 00) &RPSDUHG WR WKH WHFKQLTXHV SURSRVHG
LQ>@WKHVORWDQGFRLOQXPEHUVDUHQRWLQFUHDVHG
,QVWHDG WKH RULJLQDO FRLOV DUH VSOLW LQWR  VHWV RI
ZLQGLQJVZKLFKDUHDUUDQJHGZLWKDVSHFLILFSKDVHVKLIW
LQ VSDFH 7KXV WKH IXQGDPHQWDO ZLQGLQJ IDFWRU LV QRW
SHQDOL]HG 7KH GHOWDVWDU FRQQHFWLRQ LV HPSOR\HG WR
JHQHUDWH D SKDVH VKLIW LQ WLPH GRPDLQ IRU WKH
FDQFHOODWLRQRIVRPHXQGHVLUDEOH00)KDUPRQLFV
7KHZLQGLQJFRQILJXUDWLRQDUHDSSOLHGLQ>@WRD
SKDVH VORW SROH ZLQGLQJ FRQILJXUDWLRQ ZLWK
GHOWDVWDU FRQQHFWLRQ DQG WR D SKDVH VORW SROH
ZLQGLQJ FRQILJXUDWLRQ ZLWK SHQWDJRQVWDU FRQQHFWLRQ
DVVKRZQLQ)LJDQG)LJUHVSHFWLYHO\
)LJ VKRZV WKH 00) VSHFWUD RI WKH SKDVH
VORW SROH DQG SKDVH VORW SROH ZLQGLQJV
SURSRVHG LQ >@ ,W FDQ EH REVHUYHG WKDW WKH
VXEKDUPRQLFV DQG VRPH RI WKH KLJKHU RUGHU 00)
KDUPRQLFV KDYH EHHQ HOLPLQDWHG ZKLOH WKH ZRUNLQJ
KDUPRQLF DQG VRPH KLJKHU RUGHU KDUPRQLFV DUH
LQFUHDVHG GXH WR VOLJKWO\ KLJKHU ZLQGLQJ GLVWULEXWLRQ
IDFWRUV
+RZHYHU WKH 00) KDUPRQLF UHGXFWLRQ E\ WKLV
ZLQGLQJ WHFKQLTXH LV OLPLWHG EHFDXVH WKH HOHFWULFDO
SKDVH VKLIW EHWZHHQ WKH GHOWD DQG VWDU ZLQGLQJV LV
UHVWULFWHGWRDQGWKDWEHWZHHQWKHSHQWDJRQDQGVWDU

























SKDVH ZLQGLQJ FRQILJXUDWLRQV DQG VXEVHTXHQWO\
GHYLVHG D SKDVH VORW SROH PDFKLQH )LJ
VKRZVWKH00)KDUPRQLFFDQFHOODWLRQSULQFLSOHXVLQJ
PXOWLSOH SKDVH ZLQGLQJ FRQILJXUDWLRQV 7KH WKUHH







        
E00)YHFWRUVIRUWKH          F00)YHFWRUVIRUVRPH 







DSSURSULDWH VSDFH DQG WLPH SKDVH VKLIWV VR WKDW WKH
00)YHFWRUVSURGXFHGE\ WKH WKUHHSKDVHZLQGLQJV
IRUP D EDODQFHG SKDVH V\VWHP DV LOOXVWUDWHG LQ





7KH JHQHULF PDWKHPDWLF H[SUHVVLRQV IRU WKH
IRUZDUG DQG EDFNZDUG 00) KDUPRQLFV LQ D PXOWLSOH
SKDVH ZLQGLQJV KDYH EHHQ GHULYHG EDVHG RQ  DQG
DQGWKH\DUHJLYHQLQDQGUHVSHFWLYHO\
SK
 ^ > FRV  @f h m
h
F N I hT   q ¦ 
FRV>     @`m r d kh
k
h h p t kD Z J E T'     ¦  
SK
 ^ > FRV  @b h m
h
F N I hT   q ¦ 
FRV>     @`m r d kh
k
h h p t kD Z J E T'     ¦  
ZKHUH k GHQRWHV WKH kWK SKDVH VHW ȕkh LV WKH SKDVHDQJOH RI WKH hWK RUGHU VSDWLDO KDUPRQLF RI WKH kWK VHW
SKDVHZLQGLQJDQGșǻ LV WKHSKDVHVKLIWDQJOHRIWKHFXUUHQWVEHWZHHQWKHkWKDQGkWKSKDVHVHWV
7KH FRQGLWLRQ WR HOLPLQDWH WKH hWK RUGHU 00)
KDUPRQLF LV WKDW WKH FRPELQHG SKDVH VKLIW DQJOHV
EHWZHHQWKHkWKDQGkWKSKDVHVHWVGHQRWHGDVșfwDQGșbwIRUWKHIRUZDUGDQGEDFNZDUG00)KDUPRQLFVVDWLVI\DQGUHVSHFWLYHO\
     =f w k h kh f fK q qT E E T '    r q  q  

     =bw k h kh b bK q qT E E T '    r q  q  

ZKHUH K LV WKH QXPEHU RI SKDVH VHWV 7KH DERYH
FRQGLWLRQVOHDGWRWKHVHFRQGVXPPDWLRQLQDQG
EHFRPLQJ ]HUR DQG KHQFH WKH hWK RUGHU KDUPRQLF LV
HOLPLQDWHG
%DVHG RQ WKH IRUHJRLQJ DSSURDFK D SKDVH
VORW SROH ZLQGLQJ FRQILJXUDWLRQ IRU ,30
PDFKLQHV LV GHYHORSHG DQG LWV VFKHPDWLF LV LOOXVWUDWHG
LQ )LJ 7KH 00) VSHFWUD FRPSDULVRQ RI WKH
FRQYHQWLRQDO SKDVH DQG SKDVH VORW SROH
ZLQGLQJ FRQILJXUDWLRQV LV VKRZQ LQ )LJ 7KH 00)
VSHFWUXP RI WKH FRQYHQWLRQDO SKDVH ZLQGLQJ LV
FDOFXODWHG XVLQJ  DQG  ,W FDQ EH VHHQ WKDW E\
HPSOR\LQJWKHPXOWLSOHSKDVHZLQGLQJFRQILJXUDWLRQ
WKHVWWKWKWKWKUGāāāRUGHUKDUPRQLFV
DUHFDQFHOOHGRXWZKLOH WKHWK ZRUNLQJKDUPRQLF IRU
SROH WK WK WK āāā RUGHU KDUPRQLFV VOLJKWO\
LQFUHDVHGXHWRKLJKHUZLQGLQJGLVWULEXWLRQIDFWRUV
7KLVWHFKQLTXHDOVRFRQWULEXWHVWRDGHJUHHRIIDXOW




RI FXUUHQW UDWLQJ LQ HDFK SKDVH V\VWHP ZRXOG




PXOWLOD\HU ZLQGLQJ FRQILJXUDWLRQV ZKRVH VFKHPDWLFV
DUH LOOXVWUDWHG LQ )LJ 7ZR FRQYHQWLRQDO ZLQGLQJV
VORW SROH DQG VORW SROH DUH FKRVHQ WR































)LJ  6FKHPDWLFVRIWKHPXOWLOD\HUZLQGLQJ 
FRQILJXUDWLRQVSURSRVHGLQ>@ 
E\ RQH RU PRUH VORWV ZKLOH PDLQWDLQLQJ WKH VDPH
QXPEHU RI VORW IRU D JLYHQ QXPEHU RI SROH SDLUV
,QLWLDOO\ IRXU OD\HUV RI ZLQGLQJV DUH GHYLVHG %\
PHUJLQJWKHFRLOVZKLFKDUHLQWKHVDPHVORWDQGDOVRLQ
WKHVDPHSKDVHDWULSOHOD\HUZLQGLQJFRQILJXUDWLRQDV
VKRZQ LQ )LJD FDQ EH GHYHORSHG ,I WKHUH DUH QR
FRLOV WR VDWLVI\ ERWK FRQGLWLRQV WKH TXDGUXSOH OD\HU
ZLQGLQJ FRQILJXUDWLRQ DV VKRZQ LQ )LJE ZLOO EH
HPSOR\HG7KHQXPEHURIWXUQVSHUFRLOFDQEHDGMXVWHG
WR UHGXFH WKH PRVW 00) KDUPRQLFV %\ ZD\ RI
H[DPSOH WKHQXPEHURI WXUQVSHUFRLORI WKH WRS OD\HU
DGMDFHQW WR WKH EDFNLURQ ZLQGLQJV LQ )LJD LV
GHVLJQHGWREH¥WLPHVRIWKRVHRIWKHRWKHUOD\HUV
)LJD DQG E FRPSDUH WKH 00) VSHFWUD RI WKH
GHYHORSHG WULSOH OD\HU VORW SROH DQG TXDGUXSOH
VORWSROHZLQGLQJVZLWKWKRVHRIWKHLUGRXEOHOD\HU
FRXQWHUSDUWV ZKRVH 00) VSHFWUD FDQ EH FDOFXODWHG
XVLQJDQG,WVKRZVWKDW WKHVXEKDUPRQLFVDQG
VRPH KLJKHU RUGHU KDUPRQLFV FDQ EH HOLPLQDWHG RU
JUHDWO\GLPLQLVKHG
$6$EGHO.KDOLNHWDO>@SURSRVHGDWULSOHOD\HU
VORW SROH ZLQGLQJ FRQILJXUDWLRQ ZLWK WKH GHOWD
VWDU FRQQHFWLRQ DV VKRZQ LQ )LJG DQG WKHUHDIWHU
SHUIRUPV D FRPSDUDWLYH VWXG\ ZLWK WKH RWKHU WKUHH
VORW SROH ZLQGLQJ W\SHV LQFOXGLQJ WKH FRQYHQ








D&RQYHQWLRQDOGRXEOH         E'RXEOHOD\HUZLQGLQJZLWK 
OD\HUZLQGLQJ                GHOWDVWDUFRQQHFWLRQ







WLRQ GHQRWHG DV µZLQGLQJ ¶ LQ )LJE DQG WULSOH
OD\HUZLQGLQJGHQRWHGDVµZLQGLQJ¶LQ)LJF
)LJ FRPSDUHV WKH 00) VSHFWUD RI WKHVH IRXU
W\SHV RI VORW SROH ZLQGLQJ FRQILJXUDWLRQV 7KH
00)VSHFWUXPRIµZLQGLQJ¶FDQEHFDOFXODWHGXVLQJ
 DQG  ,W FDQ EH REVHUYHG WKDW ERWK WKH GRXEOH
OD\HU ZLQGLQJ ZLWK GHOWDVWDU FRQQHFWLRQ DQG WKH
SURSRVHGWULSOHOD\HUZLQGLQJZLWKGHOWDVWDUFRQQHFWLRQ
KDYH WKH EHVW 00) KDUPRQLF FDQFHOODWLRQ HIIHFWV
HOLPLQDWLQJ WKH VXEKDUPRQLFV DQG VRPH RI KLJKHU
RUGHU KDUPRQLFV +RZHYHU WKH SURSRVHG WULSOH OD\HU
ZLQGLQJ ZLWK GHOWDVWDU FRQQHFWLRQ FRPSURPLVHV WKH
IXQGDPHQWDOZLQGLQJIDFWRUDQGWKXVVOLJKWO\SHQDOL]HV
WKH WRUTXH SURGXFWLRQ DOWKRXJK LW PD\ PDLQWDLQ WKH
EHQHILWVRIPXOWLOD\HUGHVLJQV VXFKDVKLJKHU VDOLHQF\
UDWLRDQGUHOXFWDQFHWRUTXHFRPSRQHQW
7KH IRUHJRLQJ PXOWLOD\HU ZLQGLQJ FRQILJXUDWLRQV
LQFUHDVHV WKH FRPSOH[LW\ RI FRQQHFWLRQ DQG UHVXOWV LQ
ORZHU IXQGDPHQWDO ZLQGLQJ IDFWRU DQG KHQFH ORZ
WRUTXH FDSDELOLW\ ,Q DGGLWLRQ WKH PRVW GHWULPHQWDO
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VORW SROH ZLQGLQJ FRQILJXUDWLRQ ZLWK XQHYHQ
QXPEHURI WXUQV LQ WKHQHLJKERULQJVORWVDV LOOXVWUDWHG
LQ)LJ7KHPDWKHPDWLF UHODWLRQEHWZHHQnDQGn
VKRZQ LQ )LJ LV GHWHUPLQHG E\ WKH RUGHU RI 00)
KDUPRQLF WR EH VXSSUHVVHG 7R HDVLO\ UHDOL]H XQHYHQ
WXUQQXPEHUVnDQGnGLIIHUE\7KXVWKHVORWZLWK
OHVV WXUQ QXPEHU VKRXOG QRW FRPSOHWH WKH ODVW WXUQ DV
LOOXVWUDWHG LQ )LJ 7KH UDWLR RI n WR n GHWHUPLQHV
WKH 00) KDUPRQLF FDQFHOODWLRQ HIIHFW %\ ZD\ RI
H[DPSOHWKHVWRUGHU00)KDUPRQLFFDQEHHOLPLQDWHG
ZKHQ WKH UDWLR RI n WR n HTXDOV  7KHUHIRUH LQ
WKLV DSSOLFDWLRQnDQGnDUHGHVLJQHG WREHDQG
UHVSHFWLYHO\ 7KXV WKH VW RUGHU 00) KDUPRQLF LV
UHGXFHG E\  ZLWK WKH UDWLR RI n WR n HTXDOLQJ





WLRQDO VORW SROH ZLQGLQJ FRQILJXUDWLRQ DQG WKDW
ZLWK XQHYHQ QXPEHU RI WXUQV SURSRVHG LQ >@ ,W
FDQ EH VHHQ WKDW WKH VW WK WK RUGHU 00)
KDUPRQLFV KDV EHHQ JUHDWO\ GLPLQLVKHG +RZHYHU WKH
PRVWGHWULPHQWDOWK00)KDUPRQLFLVQRWUHGXFHG
7KHIRUHJRLQJWHFKQLTXHUHVWULFWVWKHGLIIHUHQFHLQ
WKHXQHYHQ WXUQQXPEHUV WREHRQO\ WXUQ7KHUHIRUH
WKHDELOLW\WRUHGXFH00)KDUPRQLFVE\WKLVWHFKQLTXH
LV TXLWH OLPLWHG ZKHQ WKH WXUQ QXPEHU KDV WR EH
GHVLJQHGKLJK2QWKHRWKHUKDQG LW LVQRWSUDFWLFDO WR
KDYHWKHGLIIHUHQFHLQWKHQXPEHURIWXUQVRQWZRVLGHV
RIDFRLOEHLQJJUHDWHUWKDQ)XUWKHUXQHYHQ$PSHUH
WXUQ GLVWULEXWLRQ LQ VORWV OHDG WR OHVV HIIHFWLYH
XWLOL]DWLRQRI WKH VORW DUHDV DQG ORFDOL]HG VDWXUDWLRQ LQ
WKH VWDWRU WHHWK FRPSURPLVLQJ WKH HOHFWURPDJQHWLF
SHUIRUPDQFHV








PDFKLQH WRSRORJ\ ZLWK IOX[ EDUULHUV ORFDWHG DW WKH
VWDWRU EDFNLURQ 7KH LQWURGXFHG IOX[ EDUULHUV
VLJQLILFDQWO\ LQFUHDVH WKH UHOXFWDQFH WR WKH VW RUGHU
00) KDUPRQLF ZKLOH WKH UHOXFWDQFH WR RWKHU KLJKHU
RUGHU KDUPRQLFV DUH OHVV DIIHFWHG &RQVHTXHQWO\ WKH
DLUJDS IOX[ GHQVLW\ GXH WR WKH VW 00) KDUPRQLF LV
UHGXFHG
7KH SURSRVHG VLQJOH DQG GRXEOH OD\HU VORW
SROHPDFKLQHVZLWKVWDWRUIOX[EDUULHUVDUHLOOXVWUDWHG
LQ )LJ D DQG E UHVSHFWLYHO\ 7KH VL]HV RI WKHVH
IOX[ EDUULHUV FDQ EH RSWLPL]HG WR REWDLQ WKH EHVW
KDUPRQLFFDQFHOODWLRQHIIHFW 
)LJFRPSDUHVWKHDLUJDSIOX[GHQVLW\VSHFWUDRI






WKH GRXEOH OD\HU ZLQGLQJV DUH HOLPLQDWHG ZKHUHDV WKH
WKZRUNLQJKDUPRQLFLVVOLJKWO\SHQDOL]HG
:KLOH WKH FRQFHSW LV VLPSOH WR EH LPSOHPHQWHG
WKHUH D QXPEHU RI GLVDGYDQWDJHV DVVRFLDWHG ZLWK WKLV
WHFKQLTXH)LUVW WKHKDUPRQLF FDQFHOODWLRQ HIIHFWV PD\
EH FRPSURPLVHG DW KHDY\ ORDG FRQGLWLRQ VLQFH WKH
VDWXUDWLRQLQWKHVWDWRUFRUHDIIHFWVWKHUHOXFWDQFHLQWKH















GHVLJQ ,Q DGGLWLRQ WKH IOX[ OLQNDJHV JHQHUDWHG E\
SHUPDQHQWPDJQHWV DUH VOLJKWO\ UHGXFHG GXH WR KLJKHU
UHOXFWDQFHVFDXVHGE\WKHIOX[EDUULHUVLQWKHVWDWRUDQG
WKXV WKH PDJQHWLF ORDGLQJ LV UHGXFHG ZLWK WKH VDPH
DPRXQWRISHUPDQHQWPDJQHWV
  &RQFOXVLRQ
7KLV SDSHU UHYLHZV WKH FXUUHQW VWDWHRIWKHDUW   
RI WKH 00) KDUPRQLF UHGXFWLRQ WHFKQLTXHV IRU
FRQFHQWUDWHG ZLQGLQJ FRQILJXUDWLRQV LQ 3060V
LQFOXGLQJ ZLQGLQJ VSOLW DQG SKDVH VKLIW GHOWDVWDU
ZLQGLQJV PXOWLSOH SKDVH ZLQGLQJV PXOWLOD\HU
ZLQGLQJVXQHYHQWXUQQXPEHUVDQGVWDWRUIOX[EDUULHUV
7KHLU FRQFHSWV DGYDQWDJHV DQG GLVDGYDQWDJHV KDYH
EHHQDVVHVVHGDQGGLVFXVVHG 
7KH WHFKQLTXH RI HPSOR\LQJ ZLQGLQJ VSOLW DQG
SKDVH VKLIW FDQ HOLPLQDWH WKH PRVW GHWULPHQWDO 00)
KDUPRQLF ZKRVH RUGHU LV FORVH WR WKDW RI WKH ZRUNLQJ
KDUPRQLF+RZHYHU WRPDLQWDLQDGHFHQW IXQGDPHQWDO
ZLQGLQJIDFWRUDFRLOVSDQRIVORWVKDVWREHHPSOR\HG
7KHUHIRUH WKH QHLJKERULQJ FRLOV RYHUODS ZLWK HDFK
RWKHU DQG WKXV WKLV WHFKQLTXH QR ORQJHU SRVVHVV VRPH
DGYDQWDJHVRIWKHFRQYHQWLRQDOFRQFHQWUDWHGZLQGLQJV 
7KH RWKHU WHFKQLTXHV PDLQWDLQ WKH FRQFHQWUDWHG
ZLQGLQJFRQILJXUDWLRQV\HWFDQQRWVLJQLILFDQWO\UHGXFH
WKH PRVW GHWULPHQWDO 00) KDUPRQLF ZKRVH RUGHU    
LV FORVH WR WKDW RI WKH ZRUNLQJ KDUPRQLF ZLWKRXW
FRPSURPLVLQJ WKH IXQGDPHQWDO ZLQGLQJ IDFWRU DQG
WRUTXHFDSDELOLW\7KHGHOWDVWDUZLQGLQJFRQILJXUDWLRQ
FDQ RQO\ SURGXFH D VSHFLILF SKDVH VKLIW EHWZHHQ WKH
GHOWD DQG VWDU FRQQHFWHG ZLQGLQJ VHWV 7KH PXOWLSOH
SKDVH ZLQGLQJ FRQILJXUDWLRQ UHTXLUHV WKH XVH RI WKH
PXOWLSOH SKDVH LQYHUWHUV 7KH PXOWLOD\HU ZLQGLQJ
FRQILJXUDWLRQ LQFUHDVHV WKH FRPSOH[LW\ RI FRQQHFWLRQ
DQG DOVR UHVXOWV LQ ORZHU IXQGDPHQWDO ZLQGLQJ IDFWRU
DQG KHQFH ORZ WRUTXH FDSDELOLW\ 7KH ZLQGLQJ
FRQILJXUDWLRQZLWKXQHYHQQXPEHURIWXUQVKDVOLPLWHG
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OHDGV WR OHVV HIIHFWLYH XWLOL]DWLRQ RI WKH VORW DUHDV  
DQG FDXVH ORFDOL]HG VDWXUDWLRQ LQ WKH VWDWRU WHHWK
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VWDWRU IOX[ EDUULHU WHFKQLTXH UHTXLUHV PRUH GHOLFDWH
EDODQFHEHWZHHQWKHHOHFWULFDODQGPDJQHWLFORDGLQJVLQ
WKH VWDWRU GHVLJQ DQG PD\ FRPSURPLVH WKH WRUTXH
SURGXFWLRQ FDSDELOLW\ ZKLOH LWV KDUPRQLF FDQFHOODWLRQ
HIIHFWVDWKHDY\ORDGFRQGLWLRQLVOLPLWHG
6HOHFWLRQ RI WKH PRVW DSSURSULDWH WHFKQLTXH LV
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GULYHVXVHRIPXOWLSOHSKDVHZLQGLQJVZRXOGUHGXFH
LQYHUWHUUDWLQJIRUHDFKSKDVHVHWDQGIDFLOLWDWHVKHDW
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